INTRODUCTION
The calculation of normative minerals for igneous rocks was proposed by Cross and others (1902) . Since that time, several schemes have been proposed for the calculation of standard sets of minerals for igneous and metamorphic rocks. Such mineral sets are convenient for comparing chemically similar rocks that have formed in or have been subjected to different sets of physical conditions.
The mesonorm, as proposed by Barth (1955) , was intended to calculate minerals typical of the mesozonal metamorphism. This norm allows for hydrous minerals not found in the older CIPW norm (Cross and others, 1902) . Furthermore, because the results are expressed in cation percent, they more closely reflect the modal percentages of minerals in a rock. For these reasons, some petrologists prefer to calculate a mesonorm, not only for metamorphic rock, but for certain igneous rocks as well.
The program "MESO" described here uses steps set for by Barth (1955 Barth ( , 1959 Barth ( , 1962a Barth ( , 1962b , with a few modifications for handling exceptions as suggested for the CIPW norm by Washington (1917) , and described by Stuckless and VanTrump (1979) . These modifications include calculation of magnesite and siderite before the calculation of sodium carbonate if all COa is not used to calculate calcite. Also, MESO prints any excess amounts of reported elements beyond what is used in computing the norm.
The program MESU makes a few assumptions with regard to ambiguities in the various descriptions of the mesonorm. Barth (1962a) qives the normative minerals as biotite, actinolite, edenite, riebeckite, sphene, and spinel, and states that "except for ilmenite (il) and acmite (ac), all other mesonormative minerals are in common with the catanorm (p. 497). This presumably means that all other minerals of the CIPW norm are to be used because Barth (1959, p. 135) states: "The catanorm here proposed is given in cation percentages; otherwise it corresponds to the CIPU norm". However, silica-deficient potassium minerals (kaliphilite and leucite) are not given as possibilities in the mesonormative steps to balance silica in silica-undersaturated rock. Therefore, these minerals are not calculated by MESO. Minor minerals (such as zircon and perovskite) which may have been omitted from the description of the mesonorm for the sake of brevity, are calculated in the order given for the CIPU norm.
EQUIPMENT, TIMING, AND STORAGE REQUIREMENTS
MESO is written for HP-series 80 computers, and may require modification if it is to be run on other computers that use BASIC as a programming language. Storage of the program requires approximately 32 records of 256-byte length. Results of calculations and original input data are written to a file of 256-byte records. The number of records is 13 plus 5 times the number of samples.
The program, as listed in Appendix I, requires approximately 68 K bytes of memory to run. However, if the matrix is redimensional for 55 instead of 62 sanples (line 20, Appendix I), the memory requirement is decreased 10 approximately 63 K bytes.
Execution time for the program is largely consumed by data storage and retrieval operations. It takes about 2 minutes to load data for 62 samples, and nearly 8 minutes to store the results. Computations for these samples, 22 of which were silica deficient, requires about 3-1/2 minutes. NORMATIVE COMPUTATIONS All norms described by Barth (catanorm, mesonorm, and epinorm) are expressed in terms of cation proportions (Barth, 1955) . The first step is to convert the chemical analyses from weight percent (in which they are usually reported) to equivalent molecular proportions. This is accomplished by dividing the amount (in weight percent) of each reported oxide by its molecular weight, and adjusting each result for the number of cations in the oxide as reported. For example, alumina is reported as AlzOs, and therefore, the equivalent molecular proportion of alumina is twice the amount of reported oxide, divided by the molecular weight of Al20s-The sum of equivalent molecular porportions of all reported cations is then adjusted to 100 percent.
Data for anions are likewise adjusted to a sum of 100 percent, although the exact procedures used by Barth (1955) are somewhat ambiguous. On the basis of data reported by Barth (1955; 1957) , it appears that equivalent molecular proportions of anions have been adjusted by the constant determined for the cations, and this method is employed in MESO. These adjustments cause the final data used to calculate a mesonorm to sum to more than 100 percent, if data for anions are reported. Finally, for purposes of normative calculations, water is treated implicitly as the anion (OH)~.
Chemical data used to calculate the mesonorm, resulting minerals, and chemical formulae used for minerals are presented in Table 1 . Oxides are listed in the order required by MESO. Water can be HzO*, H20~, total HzO, or LOI (loss on ignition). U'ater is not actually used as a variable; the calculation of hydrous minerals simply assumes sufficient amounts of OH radicals. In the first case, there will be an excess of P20s beyond that expressed in the norm, and because D is used as a cation, the sun of tne nornative minerals will be less tha r 100 percent. CaO is then set equ^l to r}. In the second case, CaO is decreased by 5/3 tines P20s.
3. The amount of halite is equal to the lesser of: a. the amount of Na20 or b. the amount of Cl.
In the first case, there will be excess Cl, but because Cl is an anion, the normative total will still be 100 percent. Na20 is set equal to 0. In the second case, Na20 is decreased by the amount of Cl.
4. The amount of thenardite is equal to the lesser of: a. the amount of NaaO or b. 2 times the amount of SOs.
In the first case, there will be excess SOs, and NaaO is set equal to 0. In the second case, Na20 is decreased by 2 times the amount of SOs.
5. The amount of pyrite is equal to the lesser of: a. the amount of FeO or b. 1/2 times the amount of S.
In the first case, there will be excess S, and FeO is set equal to 0. In the second case, FeO is decreased by 1/2 the amount of S. In the first case, there will be an excess of Cr20s, and FeO is set equal to 0. In the second case, FeO is decreased by 1/2 the amount of CraOs.
7. The amount of fluorite is equal to the lesser of: a. tne amount of CaO or b. 1/2 times the amount of F (as adjusted above).
In the first case, there will be excess F, and CaO is set equal to 0. In the second case, CaO is decreased Dy 1/2 the amount of F.
8. Carbonates are calculated in trie order calcite, magnesite, siderite, and sodium carbonate until all COa has been used. The amount of each of the first three carbonates is equal to the lesser of: a. 2 times the amount of C02 (decreased as necessary fo r previously calculated carbonates) cb . 2 times the amount of CaO or fiaO or FeO.
After each mineral is calculated, the amounts of COa and CaO, MgO, or FeO are decreased by 1/2 the amount of the mineral calculated. If C02 is left after calculation of siderite, sodium carbonate is equal to the lesser of:
c. 3/2 times the amount of NaaO or d. 3 times the amount of C02.
In the first case, there will be excess COa and NaaO is set equal to 0. In the second case, NaaO is decreased by 3/2 times the amount of C02.
9. The amount of zircon is equal to 2 times the amount of ZrOa, and SiC^ is decreased by the amount of ZrOa.
10. The amount of titanite (sphene) is provisionally set equal to the lesser of: a. 3 times the amount of TiOa or b. 3 times the amount of CaO.
In the first case, CaO is decreased by the amount of TiOa. In the second case, rutile is set equal to the amount of TiOa minus the amount of CaO, and CaO is set equal to 0.
11. The amount of orthoclase is provisionally set equal to the lesser of: a. 5 times the amount of K20 or b. 5 times the amount of In the first case, AlzOs is decreased by the amount of K20. In the second case, potassium metasilicate is set equal to 3/2 times (the amount of K20 minus the amount of Al20s), and Al20s is set equal to 0.
12. The amount of albite is provisionally set equal to the lesser of: a. 5 times the amount of Na20 or b. 5 times the amount of Al20s.
In the first case, Al20s is decreased by the amount of NazO. In the second case, riebeckite is equal to the lesser of: i) 15/2 times the amount of NazO or ii) 15/2 times the amount of Fe20s or iii) 5 times the amount of FeO.
In the first case, Fezl's "is decreased Dy fie amount of He 20, and Fe'J is decreased by 3/2 times tne amount of NazO. In the second case, FeO i 3 decreased by 3/2 rimes the amount of FezOs; the amount of sodiu~ netasil icate is equal to 3/2 times (the amount of NazO minus the amount of FezOs), and FezOs is set equal to 0. In the third case, FezOs is decreased by 2/3 times the amount of FeO; the amount of sodium metasilicate is equal to 3/2 times (the amount of NaaO minus 2/3 times the amount of FeO), and FeO is set equal to 0. In the first case, hematite is equal to the amount of FeaOa, minus 2 times the amount of FeO, and FeO is set equal to zero. In the second case, FeO is decreased by 1/2 times the amount of 14. The amount of anorthite is equal to the lesser of: a. 5 times the amount of CaO or b. 5/2 times the amont of AlaOs.
In the first case, corundum is provisionally set equal to the amount of Al20s, minus 2 times the amount of CaO. In the second case, CaO is decreased by 1/2 times the amount of Al20s. In the first case, Mg 1 is decreased by 3/5 times the amount of provisional orthoclase (calculated in step 11), and orthoclase is set equal to 0. In the second case, orthoclase is decreased by 5/3 times Mg 1 , and Mg 1 is set equal to 0.
17. The amounts of actinolite, diopside, hypersthene, and wol lastonite are determined as follows:
a. If all Mg 1 has been used, the amount of Uol lastonite is equal to 2 times the amount of CaO, and the amounts of the ferro-magnesian minerals are set equal to zero.
b. If all CaO has been used, the amount of hypersthene is equal to 2 times the amount of Mg 1 , and tne amounts of actinolite, diopside, and wollastonite are set equal to zero. 18. If the rock contains muscovite, and both orthoclase and corundum have been calculated, these minerals can be converted to muscovite. The amount of muscovite is equal to the lesser of: a. 7/2 times the amount of corundum or b. 7/5 times the amount of orthoclase.
In the first case, the amount of orthoclase is reduced by 5/2 times the amount of corundum, and corundum is set equal to zero. In the second case, the amount of corundum is reduced by 2/7 times the amount of orthoclase, and orthoclase is set equal to zero.
19. The amount of silica available for quartz is then calculated from the sum: 1/3 (sphene + sodium metasilicate + potassium metasilicate) + 6/10 (orthoclase + albite) + 4/10 (anorthite + 8/15 (riebeckite + actinolite) + 1/2 (zircon + diopside + wollastonite + hypersthene) + 3/7 muscovite + 3/8 biotite.
If this sum is less than the cation percentage of silica, tne excess silica is expressed as quartz, and the computation is finished 20. If too much silica has been used, desilicification of the mineral assemblage is necessary. Albite and actinolite are converted to edenite according to one of three possibilities: a. If the silica deficiency is less than or equal to ^oth 4/5 times the amount of albite and 4/15 times the amount of actinolite, the amount of edenite is equal to 4 times the deficiency, albite is decreased by 5/4 times the deficiency, and actinolite is decreased by 15/4 times the deficiency. Silica is now balanced, quartz content is zero, and the computation is finished.
b. If the amount of actinolite is less than or equal to 3 tines the amount of albite, edenite is equal to 16/15 times tne amount of actinolite, albite is decreased by 1/3 times the enount o^ actinolite, the silica deficiency is decreased by £/15 tines the amount of actinolite, and actinolite is set equal to zero.
c. If conditions in neither a nor b are met, edenite Is equal to 16/5 times the amount of albite, the silica deficiency is decreased by 4/5 times albite, actinolite is set esiial to zero.
21. Desilicification is continued, if necessary, by conversion of hypersthene to olivine. a. If the silica deficiency is less than or equal to 1/4 times the amount of hypersthene, hypersthene is decreased by 4 times the deficiency, the amount of olivine is equal to 3 times the deficiency, quartz content is 0, and the computation is finished.
b. If the deficiency is greater than 1/4 times the amount of hypersthene, the deficiency is decreased by 1/4 times the amount of hypersthene, olivine content is equal to 3/4 times the hypersthene content, and hypersthene is equal to 0.
22. If there is still a silica deficiency, olivine and corundum are converted to spinel. a. If the deficiency is less than or equal to both 1/4 times the amount of corundum and 1/3 times the amount of olivine, spinel content is equal to 6 times the deficiency, corundum content is decreased by 4 times the deficiency, olivine is decreased by 3 times the deficiency, and the computation is finished.
b. If 1/3 times the amount of olivine is less than or equal to 1/4 times the amount of corundum, spinel is equal to 2 times the amount of olivine, corundum content is decreased by 4/3 times the olivine content, the deficiency is decreased by 1/3 times the olivine content, and olivine is equal to 0.
c. If the conditions in neither a nor b are met, spinel is equal to 3/2 times the amount of corundum, olivine content is decreased by 3/4 times the amount of corundum, the deficiency is decreased by 1/4 times the amount of corundum, and corundum is equal to 0.
23. If there is still a silica deficiency, albite is converted to nepheli ne. a. If the deficiency is less than or equal to 4/10 times the amount of albite, nepheline content is 3/2 times the deficiency, albite content decreased by 5/2 times the deficiency, and the calculations are finished.
b. If the deficiency is greater than 4/10 times the amount of albite, nepheline is 3/5 times the amount of albite, the deficiency is decreased by 2/5 times the amount of albite, and albite is equal to 0.
24. If there is still a silica deficiency, sphene is convertec to perovskite.
a. If the deficiency is less than or equal to 1/3 times tne anount of sphene; perovskite content is equal tc 2 times the deficiency, sphene content "is decreased b;/ 3 times t n e def iciency, ann tne computation is finished.
b. If the deficiency is greater than 1/3 times the amount of sphene, perovskite content is equal to 2/3 times the amount of sphene, the deficiency is decreased by 1/2 times sphene content, and sphene equals 0.
25. A final attempt to balance silica is made by converting diopside to olivine plus wollastonite.
a. If the deficiency is less than or equal to 1/8 times the amount of diopside, diopside content is decreased by 8 times the deficiency, olivine content is increased to 3 times the deficiency, wollastonite content is increased by 4 times the deficiency, and the computation is finished.
b. If the deficiency is greater than 1/8 times the amount of diopside, it is decreased by 1/8 times the amount of diopside, olivine content is increased by 3/8 times the amount of diopside, wollastonite content is increased by 1/2 times the amount of diopside, diopside is equal to 0, and the computation is ended with an incomplete mesonorm.
PROGRAM OPERATION
Data used by MESO must have been placed in mass storage by VISICALC or other program which creates a "/SS"-type file. The format is fixed such that the first row must contain the sample identification (maximum length of 18 characters); the second row may contain a plotting symbol or other sample information, or a blank. Rows 3 through 23 must contain numeric data or blanks that correspond to oxide or element concentrations in the order Si02, AlzOa, FezOa, FeO, HgO, CaO, NazO, KzO, HzO (which can be total water, -water, + water, or loss on ignition (LOI)), TiOa, PzOs, MnO, ZrOz, COa, SOs, Cl, F, S, CraOs, NiO, and BaO. If information other than numeric data or blanks (which are read as zero) is encountered during the readina of rows 3 through 23, an error will be displayed and the program will pause until instructions are received from the user.
MESO runs interactively through a series of queries, which are largely self-explanatory. Many queries are answered by "Y" or "N", followed by pressing "END LINE". The first query asks for the file name for the data and provides an option to display the catalog of the disc in current use by pressing "END LINE" without entering a file name.
After a file name has been entered, the restrictions for the data format (given above) are displayed, and the program asks if the data are ready to load. Any answer other than "Y" will restart the program. An answer of "Y" will lead to a display of "WHAT IS PRINTER ADDRESS FOR ERROR MESSAGES". Addressing a hard-copy printer is desirable because it will provide a permanent record of error messages, such as an excess of an element left after calculation of the mesonorm. 
= orthoclase (AlSi 3 08 ) = ablite (NaAlSi 3O g ) = anorthite (CaAl 2 Si 2Og) = biotite (KAl(Fe,Mg) 3Si 2O g ) = nepheline (Na 2Al 2 Si 2Og) = muscovite (KAl 3 Si 3 O g (OH) 2 ) = halite (NaCl ) = thenardite (Na 2 $04 ) = sodiun carbonate (Na 2C0 3 ) = hypersthene (Mg,Fe) Si0 3 = sodium metasil icate (Na 2$i0 3 ) = potassium metasil icate (K 2 $i0 3 ) = wollastonite (CaSi0 3 ) = diopside (l/2(Ca(f1g,Fe)Si 2 0 6 )) = riebeckite (Na 2 (Fe,Mg) 3 Fe ? ++T Si 8o22 (OH) 2 )} Failure to find a requested data file will lead to a display of "FILE DOES NOT EXIST! DO YOU NEED TO CHANGE MASS STORAGE? (YES OR NO). An answer of "Y" will lead to a query for a new mass storage address. An answer of "N" will lead to a query for a new file name. Any other alpha-numeric answer will restart the program.
After the data file has been loaded, the program presents four queries. "DEFAULT EXPRESSES EXCESS Al 20s AS CORUNDUM. DO YOU WANT MUSCOVITE CALCULATED INSTEAD? (YES OR NO)". An answer of "Y" will cause muscovite to be calculated for any sample that generates both orthoclase and corundum. This alternate mineral is suggested by Barth (1959) , but is rejected for the case where excess amounts of alumina are small because the excess is probably in hornblende or biotite. However, in the same paper, Barth suggests that muscovite should be calculated if modal muscovite or sericite are present. Muscovite should not be calculated for silica deficient rocks because once calculated, it will interfere with the process of balancing silica.
The next query asks for a file name for the results. This name must be different from other names in the current mass storage, or a new name will be requested when an attempt to store the data is made.
The last two queries control the format of output data. The first of these: "DO YOU WANT NO DATA REPRESENTED BY LEADERS ( ) (YES OR NO)?" will replace null data by leaders if answered by "Y". Any other input -will cause null data to have values of zero. The last query "ROUND TO HOW MANY DECIMAL PLACES?" causes rounding of the data during the data storage operation and, therefore, does not affect accuracy of calculations.
After all queries have been answered, the program proceeds with calculations. The analytical total is found and adjusted for Cl and F (if these are reported). No attempt is made to adjust the total for reported S because such an adjustment requires assumptions about analytical methods, and the correction is generally very small. However, if the amounts of S are large, a correction to the final data table may be desirable.
If excesses of elements beyond what is required to calculate the mesonorm are encountered during the calculations, error messages are sent to the printer along with a statement as to the effect the error will have on the normative total. If no errors are generated, the normative total should be 100 percent. Examples of the printed messages can be found in Appendix I!, Fig. 1 . After results of the calculations have been stored, the total number of error statements executed is printed.
Data are stored with several instructions for the VISICALC program. Oxide and mineral names (which are stored for column 1 as row identifiers) are left justified by a local fornat command. All other data (plot symbols, sample names, oxide values, and mineral values) are right justified by a global-format command. Column width is set at 8 spaces, and page length is set at 20 lines. Any recalculations necessitated by modification of the data when VISICALC is running will occur automatically, and by column. An example of the output file fro~i MESO is presented in Appendix II. THIS RUN GENERATED 10 ERRORS OF INCOMPLETE NORMS. Figure 1 . Error messages generated during operation of MESO for the samples listed in Table 2 . 
APPENDIX II Examples of calculations
The following pages of output provide an example of the results obtainable from MESO. The first page of output ( fig. 1 ) presents a series of error statements generated during the computations; the next 3 pages (Table  2) , provides hypothetical chemical compositions and normative mineralogy; (the horizontal lines were added with VISICALC and are not part of the usual output from MESO); the last 2 pages (Table 3 ) present CIPW normative data (expressed in weight percent and calculated water-free) for comparison. The compositions listed in Table 2 provide a good test for the program in that they use nearly all possible branches and loops within the program; however, the calculation of muscovite was not requested.
The first two samples (Al and A2, Table 2 ) are identical except that the second sample contains fluorine, which is abundant enough to cause an error statement. The samples pairs B1-B2, C1-C2, D1-D2, and E2-E3, are likewise similar in that the second samples of the pair contains enough of a minor element (P2J5, 0203, S, and Cl , respectively) to cause an error statement to be printed. Samples F5 and F6 generate error statements for excess COa and SOs, respectively. Samples H3 and H4 are too deficient in silica to yield a complete mesonorm, and therefore generate error statements.
The sequence of samples El, E2, E4 through E6 shows the effect of increasing Ca/(Fe + Mg) values on the mesonormati ve mineralogy. The sample with the lowest ratio has hypersthene only in the norm. Increasing the Ca/(Fe + Mg) ratio leads progressively to hypersthene plus actinolite, actinolite plus diopside, diopside plus wollastonite, and wollastonite only.
The sequence of samples Fl through F4 shows the effects of increasing C02 content with otherwise constant chemistry. The calculated assemblage changes from calcite, to calcite plus magnesite, to calcite plus magnesite plus siderite, to calcite plus magnesite plus siderite plus sodium carbonate. Note that as iron and magnesium are used to form carbonates, the assemblage of ferro-magnesian silicates is changed.
The sequence of samples Gl through G3 provides three examples of mesonorms for peralkaline rocks. Samples Gl and G2 differ only in the relative proportions of ferrous and ferric iron. Sodium metasilicate is calculated for the less oxidized sample, whereas the more oxidized sample contains magnetite, hematite, and less biotite. Sample G3 is also oxidized and contains enough potassium to generate potassium metasilicate as a calculated mineral.
All of the samples in the sequence HI, H3 through Hll, are silica deficient. This group of samples provides a test for all of the possible adjustments used to balance silica.
The total running time, including data retrieval and storage for the 35 samples listed in Table 2 , was 6 minutes.
Results from the progran nESO are not directly comparable witn tnose given by Barth (1955 Barth ( , 1959 because of modifications to the method given by Barth (1962a) and because of approximations made by Barth for the sake of simplifying mathematical calculations. These simplifications, such as use of approximate molecular weights, are not necessary in a computer program. Tables 2 and 3 points up several contrasts between the CIPW norm and the mesonorm. (The CIPW norms are calculated water-free so that totals for the two methods would be more nearly equal.) In general, the mesonorm yields lower amounts of quartz and orthoclase. The latter is due to the assignment of some potassium to biotite; however, the presence of biotite has the effect of increasing the free silica, as can be seen by comparing the norms for the three peralkaline samples (Gl through G3, Tables 2 and 3) . These samples are silica deficient as represented by the CIPW norm, and quartz-bearing as represented by the mesonorm. The presence of biotite can also affect the balancing of silica in quartz-free samples, as can be seen by comparing results for sample H4 (Tables 2 and 3 ).
Comparison of
There are also small differences in the apparent degree of alumina saturation (as represented by corundum) between the two methods. Corundum values are slightly higher for quartz-bearing samples, as represented by the mesonorm. However, the mesonorm may recalculate corundum to form spinel in silica-deficient samples and, hence, corundum alone is no longer a good indicator of the degree of alumina saturation. Obviously, corundum alone is a poor criteria for alumina saturation in quartz-bearing rocks if the muscovite calculation is requested.
Both methods generate error messages for the same elements in the same samples except for sample F4 for which sodium carbonate was automatically calculated by MESO. Because sodium carbonate was not calculated as part of the CIPU norm, sample F4 contains excess C02 beyond that used to calculate normative minerals. There is excess F of .044 wt Z in sample A2.
There is excess t^0^ of -095 wt Z in sample B2.
There is excess C^O^ of .064 wt Z in sample C2.
There is excess S of .093 wt Z in sample D2.
There is excess Cl of .092 wt Z in sample E3.
There is excess C02 of .128 wt Z in sample F4.
There is excess C02 of .79 wt Z in sample F5.
There is excess C02 of .093 wt Z in sample F6.
There is excess P20 5 of .117 wt Z in sample H3.
There is a deficiency of Si02 in sample H3 equivalent to excess FeO and MgO of .446 and 2.71 wt Z.
There is a deficiency of Si02 in sample H4 equivalent to excess FeO and MgO of .533 and 1.917 wt Z.
